INTRODUCTION
============

Crohn disease (CD) is a chronic inflammatory disease of the gastrointestinal tract. In more recent years though, cases of CD have become more prevalent beyond Western countries, and are observed in increasing frequencies in Asian countries such as Korea \[[@B1][@B2][@B3][@B4]\].

Significant complications are associated with CD. Of the children diagnosed with CD, 65% to 85% of them show signs of malnutrition and growth retardation. Furthermore, 11% to 37% of these children fail to reach their full potential predicted height in their adulthood \[[@B5][@B6][@B7][@B8]\].

Traditionally adequate level of vitamin D has been known for its positive impact on bone metabolism. More recent studies have expanded beyond this role, and the broader significance of adequate levels of vitamin D have come to be associated with low risk for cancers, diabetes, cardiovascular disease, autoimmune diseases, and inflammatory bowel diseases (IBD) such as CD \[[@B9]\].

Vitamin D levels are generally divided into three tiers with serum 25-hydroxyvitamin D (25\[OH\]D) levels of less than 20 ng/mL and between 21 and 29 ng/mL represent vitamin D deficiency and insufficiency, respectively. And, serum 25(OH)D levels between 30 and 100 ng/mL is considered the normal range \[[@B10][@B11][@B12]\].

Korea have shown high rates of vitamin D deficiency. According to the Korea National Health and Nutrition Examination Survey (KNHANES V-1), the median 25(OH)D level of Koreans above 10 years old is no more than 20 ng/dL, 10 units lower than the recommended minimum levels of normal vitamin D requirement (30-100 ng/dL) \[[@B13]\].

There is a lack of conclusive studies whether vitamin D levels have effects on pediatric CD in vitamin D deficient regions. This study aims to evaluate the prevalence of vitamin D deficiency in Korean pediatric CD patients. Additionally, keeping in mind that growth retardation is a common complication of pediatric CD, this study also examines whether baseline vitamin D levels has a correlation with the children\'s growth outcome.

MATERIALS AND METHODS
=====================

This study reviewed data for 65 patients diagnosed with CD (\<18 years old) at the Department of Pediatrics in the Seoul National University Children\'s Hospital, a tertiary medical center in Seoul, Korea. The serum 25(OH)D levels of these 65 patients were checked from 2011 to 2015. The diagnosis of CD was made based on conventional radiological, histopathological, and endoscopic criteria.

Exclusion criteria are as follows:

\(1\) Patients who changed the induction treatment method (infliximab, immunomodulatory agent) after checking the 25(OH)D level.

\(2\) Patients who couldn\'t visit the hospital at 6 and 12 months after checking the 25(OH)D level.

\(3\) Children who have a history of small bowel resection. Data were retrospectively obtained from the patient\'s medical and laboratory records.

Patients\' demographic and disease characteristics, such as age, sex, symptoms (abdominal pain, diarrhea, hematochezia, weight loss), extraintestinal manifestations (fever, joint symptoms, oral ulcers), small bowel involvement, and disease activity were collected. Disease activity was measured using the Pediatric Crohn Disease Activity Index (PCDAI); the score indicates: mild disease, 10 to 27.5; moderate disease, 30 to 37.5; and severe disease, 40 to 100 \[[@B14]\]. Small bowel involvement was investigated by imaging studies, such as small bowel series, magnetic resonance enterography, and abdominal computed tomography. Anthropometric data (height, weight, body mass index \[BMI\]), which were collected at baseline, after 6 months, and after 12 months, were transformed into z-scores for height (Htz), weight (Wtz), and BMI (BMIz) using the 2007 Korean National Growth Chart. Systemic inflammatory markers, including erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), platelet count (PLT), serum albumin (ALB), and hemoglobin (Hb), were collected from patients\' laboratory records.

The serum 25(OH)D levels were recorded to estimate vitamin D status. Vitamin D deficiency and insufficiency were defined as levels of serum 25(OH)D of \<20 ng/mL and 20-30 ng/mL, respectively. In our study, we define severe vitamin D deficiency and moderate vitamin D deficiency as serum 25(OH)D levels of \<10 ng/mL and 10-20 ng/mL, respectively. On the basis of baseline serum 25(OH)D levels, the patients were categorized into Groups 1 and 2. Group 1 included patients with baseline serum 25(OH)D levels of \<10 ng/mL, severe vitamin D deficiency. Group 2 included patients with baseline serum25(OH)D levels of 10-30 ng/mL, moderate vitamin D deficiency/insufficiency \[[@B15][@B16][@B17]\]. Once a patient was diagnosed as vitamin D deficient, they received oral vitamin D supplements.

All data were analyzed using IBM SPSS Statistics software ver. 20.0 (IBM Co., Armonk, NY, USA). Continuous data of all enrolled patients, such as age and serum 25(OH)D level, are presented as the mean±standard deviation (SD). Categorical data are presented as number (valid percent). Continuous variable in categorized groups, such as anthropometric data (Htz, Wtz, BMIz) and laboratory data (Hb, ESR, CRP, and ALB) are expressed as the mean±SD. Changes in anthropometric data (Htz, Wtz, BMIz) for each group were assessed by the Student paired t-test for normally distributed data and one way ANOVA for non-normally distributed data.

Correlations between variables were checked with the Pearson\'s correlation coefficient. *p*-values of \<0.05 were considered statistically significant.

This study was approved by the institutional review board at Seoul National University Hospital (IRB no. H 1607-078-776).

RESULTS
=======

A mean serum 25(OH)D level of the 65 CD patients was 15.64±6.9 ng/mL; vitamin D deficiency was found in 81.5% (53/65) and insufficiency in 16.9% (11/65) of patients. Forty-eight patients were excluded: 34 were not available for follow-up at 6 and 12 months, 13 underwent small bowel resection, and 1 changed induction treatment. Therefore, 17 patients were enrolled in the study. The mean age was 13.7 years (29.4% females). The mean 25(OH)D serum level was 13.1±5.1 ng/mL. Vitamin D deficiency and insufficiency were present in 16 patients (94.1%) and 1 patient (5.9%), respectively.

Six patients (35.3%) had severe vitamin D deficiency (Group 1) and 11 patients (64.7%) had moderate vitamin D deficiency/insufficiency (Group 2). The mean serum 25(OH)D level at diagnosis for Group 1 was 8.7±1.4 ng/mL, and the mean level for Group 2 was 15.6±4.7 ng/mL (*p*\<0.001).

There was no significant difference between Group 1 and 2 regarding anthropometric data (Htz, Wtz, BMIz). Compared to Group 1 patients, Group 2 patients had higher PLTs (331.8×10^3^±79.3/µL vs. 508.1×10^3^±192.2/µL, *p*=0.021). Other laboratory data including Hb, ESR, CRP, and ALB were similar between groups. Moreover, PCDAI and frequency of symptom and extraintestinal manifestations between groups did not show a statistically significant difference ([Table 1](#T1){ref-type="table"}).

Compared to baseline, all anthropometric data (Htz, Wtz, BMIz) in Group 1 showed no significant improvement at 6 and 12 months\' follow-up ([Table 2](#T2){ref-type="table"}). In the analysis of Group 2, anthropometric data showed significant improvements in Wtz and BMIz sustained throughout the 12 months of follow-up. Htz showed no significant improvement at 6 months, but there was a significant improvement at 12 months ([Table 2](#T2){ref-type="table"}).

In an effort to evaluate the confounding relationships, we examined the associations between predictors. The Pearson\'s correlation coefficient found no linear correlation between baseline serum 25(OH)D levels and other variables, including laboratory data (Hb, ESR, CRP, and ALB), anthropometric data (Htz, Wtz, BMIz), and PCDAI ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

Previous studies reported varying prevalence of hypovitaminosis D in adults with IBD ranging from 16% to 95%, depending on the study. However, relatively few studies focused on the vitamin D status of pediatric IBD patients. A study by Pappa et al. \[[@B18][@B19]\] reported that the prevalence of vitamin D deficiency was 5.8% to 34.6% in pediatric patients with IBD, whereas a recent study found vitamin D deficiency in 48% of children with IBD, although they did take vitamin D supplements \[[@B20]\].

Most current studies evaluate the association of vitamin D status with disease activity index and biochemical parameters. However, most of them were done on adults, and few or no studies have evaluated the association of vitamin D status and growth in pediatric CD patients. The aim of this study was to examine the association of vitamin D status with growth retardation in Korean pediatric patients with CD. In Korea, vitamin D insufficiency is very common in ordinary person and was found in 47.3% of male and 64.5% of female. Also, the prevalence of vitamin D insufficiency in ordinary person is higher in students and young adults than the elderly \[[@B13]\]. This study identified vitamin D deficiency in 81.5% (53/65) and insufficiency in 16.9% (11/65) of our pediatric patients with CD. That is, 98.5% of our pediatric CD patients had hypovitaminosis D. This prevalence in our study was higher than has been reported previously \[[@B18][@B19][@B20]\].

Vitamin D is widely known as a key regulator of bone health and in children vitamin D deficiency leads to bone deformities and stunted growth \[[@B10][@B11][@B12]\]. More recently, vitamin D has also come to be recognized as an immune regulator and a few studies describe the role of vitamin D in the pathogenesis, clinical outcome, and candidates for adjunctive treatment of CD \[[@B21]\]. Jørgensen et al. \[[@B22]\] showed that vitamin D treatment as a maintenance therapy in CD patients reduced the risk of relapse from 13% to 29%. We could assume that high vitamin D levels are associated with a better clinical outcome. A high vitamin D level would have a positive effect on growth and clinical outcome because growth retardation is mainly secondary to disease activity. Recently, an association between low vitamin D level and higher risk for surgery and hospitalizations for CD \[[@B23]\], and an association between low vitamin D level and loss of response to immunomodulatory treatments were also reported \[[@B24]\].

In our study, Group 2 (moderate vitamin D deficiency/insufficiency) patients showed a significant improvement in Wtz and BMIz after 6 months, which was sustained through to the 12 months\' follow-up. Although Htz at 6 months showed no significant improvement, it reached a significant improvement at 12 months. However, Group 1\'s severely vitamin D deficient patients had no significant improvement of Htz, Wtz, and BMIz during follow-up (6 and 12 months) despite oral vitamin D supplements. For the patients of Group 1, there was no correlation between vitamin D levels and growth parameters (Htz, Wtz, BMIz) or other laboratory variables (Hb, CRP, PLT, ESR, ALB) and PCDAI. The findings indicate that baseline vitamin D status has an effect on growth outcome in pediatric CD. We would like to suggest vitamin D as an adjunctive treatment for pediatric CD patients suffering from growth failure.

It is important to note that the limitations of the current study, these include a small sample size and the retrospective nature of the clinical research process. The patient received oral vitamin D supplements after study entry, but we did not recheck the serum levels and also failed to verify the vitamin D levels after the 12 months of this research.

In conclusion, baseline vitamin D status is a predictor of growth outcome in pediatric CD patients. Future prospective studies of a larger cohort would be required to validate these results. Furthermore, a longer follow-up with vitamin D supplementation will be necessary to determine the appropriate supplemental dose of vitamin D.

###### Clinical Characteristics between Group 1 and Group 2

![](pghn-20-41-i001)

Values are presented as mean±standard deviation or number (%).

Group 1: 25(OH)D \<10 ng/mL, Group 2: 10 ng/mL ≤25(OH)D \<30 ng/mL, BMI: body mass index, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, PCDAI: Pediatric Crohn\'s Disease Activity Index.

^\*^Statistically significant.

###### Anthropometric Changes in Group 1 and Group 2

![](pghn-20-41-i002)

Values are presented as mean±standard deviation.

BMI: body mass index.

^\*^All *p*-values\<0.05 compared to baseline.

###### Correlation between Vitamin D Level and Growth Parameter and Other Variables

![](pghn-20-41-i003)

Vitamin D: serum 25-hydroxyvitamin D, Hb: hemoglobin, PLT: platelet count, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, ALB: albumin, PCDAI: Paediatric Crohn\'s Disease Activity Index, Htz: height z-score, Wtz: weight z-score, BMIz: body mass index z-score.

^\*^Statistically significant.
